Bioinformatics analysis was used to search for unknown genes that might influence the phenotypic presentations of enterohaemorrhagic Escherichia coli (EHEC). By so doing and using the known genomic data from EHEC O157 : H7 and K-12, it has been deduced that genes Z4863 to Z4866 of EHEC do not exist in K-12 strains. These four gene sequences have low degrees of homology (18-40 % amino acid identities) to a set of genes in K-12, which have been known to encode fatty acid biosynthesis enzymes. We referred these four consecutive genes as a fasyn cluster and found that deletion of fasyn from EHEC resulted in a defective type-III secretion (T3S). This deletion apparently did not decrease the amounts of the T3S proteins ectopically expressed from plasmids. Examination of the corresponding mRNAs by realtime PCR revealed that the mRNAs readily decreased in the fasyn-deleted mutant and this suppressive effect on the mRNA levels appeared to spread across all lee operons. Complementation with fasyn reverted the T3S-deficient phenotype. Furthermore, this reversion was also seen when the mutant was supplemented with locus of enterocyte effacement activators (Ler or GrlA). Thus, these unique clustering genes located apart from locus of enterocyte effacement on the bacterial chromosome also play a role in affecting T3S of EHEC.
INTRODUCTION
Enterohaemorrhagic Escherichia coli (EHEC) O157 : H7 is a human pathogen that is frequently associated with bloody diarrhoea and sometimes causes the life-threatening haemolytic uraemic syndrome, a result linked to the bacterial production of Shiga toxins (Nataro & Kaper, 1998) . Cattle are known to be the natural reservoir of EHEC, and many outbreaks are linked to consumption of contaminated bovine-derived products. In the USA, approximately 100 000 people are infected by EHEC each year (Eppinger & Cebula, 2015) , and EHEC infection is recognized as one of the threatening public health issues. So far, no antibiotic is recommended for the therapy and no effective vaccine is available.
EHEC can persist in environmental niches and colonize the rectoanal junction mucosa of cattle (Naylor et al., 2003) . When infecting a human host, colonization of EHEC in the large intestine can result in effacement of intestinal epithelial cell microvilli and formation of actin-rich pedestals via rearrangement of the cytoskeleton. This pathogenic presentation is called attaching and effacing (A/E) lesion. The A/E lesions also contribute to the intestinal disorder that is initiated by the presence of a type-III secretion (T3S) system in EHEC. In addition to EHEC, the T3S systems are highly conserved among Gram-negative pathogenic bacteria, such as Yersinia spp., Salmonella spp., Shigella spp., Pseudomonas aeruginosa, enteropathogenic E. coli (EPEC), Citrobacter rodentium and Chlamydia spp. (Cornelis & Van Gijsegem, 2000) .
The T3S system of EHEC transports bacterial proteins across bacterial membranes into the host cell interior (Cornelis, 2006; Ghosh, 2004) to cause A/E lesions. The whole system is encoded by a 35.5 kb chromosomal pathogenicity island named locus of enterocyte effacement (LEE) island (Perna et al., 1998) . This locus contains 41 open reading frames that are organized mainly into five major operons, lee1 to lee5. A needle structure formed by the T3S system could be grossly divided into basal apparatus, translocators and the effectors (Pallen et al., 2005) .
When the pathogenic island from EHEC O157 : H7 was expressed in E. coli K-12, however, unlike EPEC O127 : H6, they are unable to form A/E phenotype (Hayashi et al., 2001) . In the previous comparison of complete genome sequence between EHEC O157 : H7 and laboratory E. coli K-12 MG1655, there is a 4.1 Mb sequence highly conserved in these two strains. E. coli K-12 MG1655 contains 485 genes that are not found in EHEC O157 : H7 EDL933. A total of 1387 strain-specific genes found in O157 : H7 imply that some of these genes might be associated with virulence, alternative metabolic pathways, prophages or other novel functions (Perna et al., 2001; Sperandio et al., 2001) . Proper control of the virulence gene expression is critical for bacterial infection and pathogenesis. This principle is applicable to the activation and expression of bacterial T3S system of which formation is highly regulated and timely controlled. The positive regulator Ler, encoded within the LEE island, is regarded as the master regulator of the LEE (Elliott et al., 2000) and is encoded by the first gene in lee1. Ler works by responding to many environmental cues and regulates all five LEE operons. Besides, between lee1 and lee2, there is a small region coding for GrlR and GrlA. GrlA controls the expression of ler, ehx-CABD and flhDC, in which the last two gene clusters are distanced from the LEE (Iyoda et al., 2006) . GrlR acts as a negative regulator through binding to GrlA and inhibits GrlA's binding to target DNA such as the promoter region of ler. The steady-state levels of these proteins are controlled by their translation rates and stability (Padavannil et al., 2013) .
In addition to the LEE-encoded regulators, the bacterial nucleoid acid proteins H-NS and IHF are involved in maintaining the DNA structure of ler (Lara-Ochoa et al., 2010; Liu et al., 2010; Yona-Nadler et al., 2003) . However, the factors affecting bacterial virulence are not limited to those from bacteria; outside factors may be equally important. Recently, metabolic products and different nutrients derived from the host or the microbiota have been shown to affect T3SS. Examples are that hormones adrenalin and noradrenaline from the host and the signal autoinducer AI-3 produced by intestinal microbial flora activate the transcription of LEE by a QseC/QseE signalling cascade (Reading et al., 2009; Sperandio, et al., 2003; Clarke et al., 2006) . The metabolite D-serine, when present at a particular concentration, down-regulates T3SS and activates SOS (Connolly et al., 2015) . Short-chain fatty acids, such as butyrate, simultaneously activate flagellar genes and the T3S system through the leucine-responsive regulatory protein (Tobe et al., 2011) . Succinate and ethanolamine could promote the LEE expression (Curtis et al., 2014a; Kendall et al., 2012) . On the contrary, fucose limits the pathogenicity of EHEC (Pacheco et al., 2012) . Additionally, in Listeria, lipoate protein ligase LplA is required for bacteria to grow inside macrophages (O'Riordan et al., 2003) . In Salmonella, specific short-chain fatty acids (SCFAs) provide a signal to activate invasion or survival against acidic stress (Alvarez-Ordóñez et al., 2011) . When Listeria monocytogenes is exposed to saturated branched-chain fatty acids, the composition of the cell membrane was altered and became resistant to cationic antimicrobial peptides (Sun et al., 2012) .
To search for metabolic factors that may affect the virulence of EHEC, we focused on identifying metabolic genes unique in EHEC O157 : H7 strains. By comparing the genomic sequences of EHEC O157 : H7 strain EDL933 and K-12 MG1655, we found that genes Z4863 to Z4866 of EHEC, which have low degrees of sequence identity with fatty acid biosynthesis genes, are absent in the K-12 strains. A simultaneous deletion of all four genes impaired the T3S system of EHEC. Furthermore, we have found that the defective T3S was due to a suppression of the LEE activation, a point reflected by the observation that the mRNAs for representative genes from the LEE were down-regulated. Thus, we report a new finding that unique genes clustering distantly from the LEE in EHEC also participate in the regulation of the T3S system.
METHODS
Comparative genomic analysis. The bacterial genes and the associated annotations that involve the 17 lipid metabolism pathways from EHEC O157 : H7 strains EDL933 and Sakai, EHEC O26 : H11 strain 11368, EPEC O127 : H6 strain E2348/69 and K-12 strains W3110 and K-12 MG1655 were obtained from the KEGG database. BLASTp (Altschul et al., 1997) was first applied to align the amino acid sequences of protein-coding genes against each other between the two sets from EHEC strain EDL933 and K-12 strain MG1655 and then expanded to those of the other four strains. Genes in different genomes with an alignment length over 70 % and coding amino acid sequence identity >95 % at an E-value <1e-5 were identified as orthologous genes. BLASTn in the NCBI website was used to search for sequences similar to that of the target gene, and the default setting was to find 'highly similar sequences' in the nucleotide collection database.
Bacterial strains and cell culture. Shiga toxin-negative EHEC O157 : H7 strain EDL933 (ATCC43888) used previously (Lio & Syu, 2004) was used in the experiments. Bacteria were grown in LB broth (Difco) or on plates supplemented with ampicillin (100 µg ml À1 ) when needed. For assaying the expression of T3S system, we inoculated overnight LB-cultivated bacteria 1 : 50 into M9 minimal medium that was supplemented with 20 % casamino acid and incubated them at 37 C in the presence of 5 % CO 2 (Abe et al., 2002; Lin et al., 2014 ) for 1-6 h as indicated. Additional bacterial strains utilized in this study are listed in Table 1 .
Genes affecting type-III secretion
Cloning and construction of deletion strains. The target genes were amplified from the EHEC EDL933 chromosomal DNA with PFU polymerase with primer-added extra restriction sites and were cloned compatibly into pQE60 for engineering proteins tagged with the inframe C-terminal His x6 . After digesting with appropriate restriction enzymes, we re-cloned the products into pQE80 or inserted them into pQE60L that carries lacI. The primer pairs and the constructs used in this study are separately listed in Tables 1 and 2 . To generate the deletion mutant, we amplified approximately 1200 bases from upstream and downstream regions of the target sequence by PCR and we linked them together, and the final obtained product with engineered XbaI and EcoRI sites was restricted and ligated into the same enzymes -linearized pKAS46 for two-step homologous recombination (Skorupski & Taylor, 1996) . The deletion construct in pKAS46 was transformed into E. coli S17-1 l-pir by electroporation and then mobilized into the pACBSRtransformed EHEC EDL933 via conjugation. The single-crossover mutants were selected by plates supplemented with kanamycin (50 µg ml
À1
) and chloramphenicol (25 µg ml
). Arabinose was added to facilitate the recombination of the plasmid derivatives into fasyn locus of the EHEC EDL933 chromosome. The overnight culture of kanamycin-resistant transconjugant was diluted 1 : 1000 for plating on LB agar supplemented with chloramphenicol (25 µg ml À1 ). After double-crossover happened, colonies with chloramphenicol resistance and those that are kanamycin sensitive were selected, and the deletion was identified by PCR and sequencing (Pelicic et al., 1996) . T3S assay. Single-colony bacteria were inoculated in 3 ml LB broth overnight and then the culture was refreshed with the ratio of 1 : 50 into 25 ml M9 medium without IPTG induction. For comparison of protein expression level in bacterial lysate, OD 600 of the culture was measured for normalization. Approximately 1 ml of bacteria was harvested by centrifugation and disrupted in SDS sample buffer followed by boiling at 100 C for 10 min. To collect secreted proteins in medium, we centrifuged bacterial culture and filtered it (0.45 µm), and then proteins in the supernatants were precipitated by trichloroacetic acid (TCA) at 4 C overnight. The TCA-precipitated pellet was re-suspended in Tris/ HCl (pH 9.0). Proteins were analysed by SDS-PAGE followed by Western blotting. Anti-EspB, EspA, Tir or OmpC antibodies were prepared by immunizing rabbit with gel-purified proteins (Chiu et al., 2003; Tsai et al., 2006; Lin et al., 2014) , and anti-His x6 polyclonal antibody was purchased from Bethyl Laboratories. The antibodies were diluted in Trisbuffered saline containing 5 % skimmed milk. After incubation and washing, the blots were further reacted with HRP-labelled goat anti-rabbit (Jackson ImmunoResearch Laboratories) and finally developed with Chemiluminescence Reagent (Western lightening ECL; Perkin Elmer) for antibody-bound proteins. ImageJ software was used to compare band intensity; a rectangle area was selected for each band of interest. If background noise was present, a baseline was drawn to close off the peak. After peaks were selected, the relative percentages of total size of highlighted peaks were calculated (Schneider et al., 2012) .
Bacterial total RNA isolation and quantitative RT-PCR. Total RNAs were isolated from bacteria by using Fungal/Bacterial RNA Kits (Zymo Research) according to the manufacturer's instructions. After isolation and determining the quality and concentration of the isolated RNAs, they were reverse-transcribed into cDNA by using a ToolsQuant II Fast RT kit (BioTools). Quantitative real-time PCR (qRT-PCR) reactions were carried out in triplicate using the obtained (Table 2) . 16S rRNA transcript levels were used as the internal control of comparative C T method. qRT-PCR was performed in 96-well optical plates using StepOnePlus real-time PCR (Applied Biosystems) instruments and software. The thermal cycling consisted of an initial step at 95 C for 3 min followed by 40 cycles consisting of 95 C for 3 s and 60 C for 30 s. Additional melting curve analysis of the PCR products was performed after quantitative PCR reaction to verify the specificity and identity (Sun et al., 2016) .
RESULTS

Gene comparison
The use of bioinformatics to compare all genes involved in the 17 lipid metabolism pathways of EHEC EDL933 and K-12 MG1655 in KEGG was first carried out, and the results highlighted a number of orthologous genes and unique genes. To constrict further the initial results, we performed comparison among six E. coli genomes, and 73 genes were found in common. Apart from that, O157 : H7 strains contain eight unique genes that are not found in the other four E. coli strains (Table 3) . Z2318, Z3614, Z4852, Z4859, Z4863, Z4864, Z4865 and Z4866 are found in both EHEC Sakai and EDL933 strains, while Z1578 exists only in strain EDL933.
Sequence comparison results (Fig. S1a , available in the online Supplementary Material) showed that Z4863 to Z4866 of EHEC encode proteins having low degrees of amino acid identity with the known fatty acid biosynthesis enzymes in K-12; their degrees of identity are all below 40 %. On the other hand, K-12 genes fabB, fabA, fabG and fabF (numbered B2323, B0954, B1093 and B1095) match to their counterparts in EHEC, which Z3586, Z1340, Z1732 and Z1734, as well as the gene products, share amino acid identity of 98.8, 100, 99.2 and 99.5 %, respectively. For easy discussion, we will refer to these EHEC genes as 'fasyn' genes/ cluster hereafter. Additionally, the location of fasyn on the EHEC chromosome is away from the LEE locus by 240 kb (Fig. S1b) .
To investigate how prevalent fasyn is in the known E. coli genomes, we blasted each of the fasyn genes through the NCBI database individually. Furthermore, to avoid uncertainty complicated by the partial sequenced results among the E. coli sequences reported in NCBI 4461, we took account of only complete genomes of E. coli. By so doing, we further examined 197 assemblies. Among these, 35 complete genomes contain the four genes. As expected, the genes individually code for proteins sharing !95 % sequence identity. Of the genomes, 91.4 % (32/35) belong to pathogenic E. coli (21 EHEC, 1 EAEC, 6 UPEC, 1 ETEC and 3 EPEC). The other three are not known from pathogenic strains, and they are from the probiotic E. coli Nissle 1917, the standard E. coli strain ATCC25922 for antimicrobial sensitivity tests and the gut normal flora E. coli strain NGF1, respectively. Aside from the Escherichia genus, Yersinia enterocolitica and C. rodentium, which are known to be pathogenic, were found to contain fasyn in their genomes as well (Fig. 1a) , with identity between 73.7 and 100 %. One exception is YE0909 of Y. enterocolitica, which encodes a protein that shares 47.8 % amino acid identity with Z4864 of EHEC. Based on this comparison, one could speculate that fasyn may have something to do with peculiar traits of bacteria. 
T3S system impaired by deletion of fasyn
To explore the possible effect of fasyn on the virulence phenotype of our EHEC strain, we first created a mutant in which genes Z4863 to Z4866 were deleted from the chromosome (Fig. 1b) . The resulting deletion mutant was named Dfasyn, of which the correct genotype was confirmed by PCR amplification with paired primers designed from the sequences of Z4862 and Z4867. Fig. 1c shows that the PCR results were consistent with the expected genetic organization, and the results of PCR product sequencing assured an expected deletion sequence.
We then examined T3S proteins in bacterial lysates and those in the culture supernatants to see whether they are properly generated and secreted. In the experiments, all bacteria received a control plasmid (i.e. pQE80) or the same one with an inserted fasyn cluster, of which the whole segment was preceded by the T5 promoter and the last gene (Z4866) product was tagged with His x6 at the C-terminus. Fig. 2a shows the results of protein analysis with SDS-PAGE followed by Western blotting using specific antibodies. Three representative T3S proteins were detected, and the results were compared between the parental (WT) and Dfasyn strains. The levels of Tir, EspB and EspA from Dfasyn were significantly lower when compared to that from the wild-type (Fig. 2a, lanes 1 and 2) . When complementation was carried out by transforming pQE80-fasyn into Dfasyn, an increase in the levels of Tir, EspB and EspA was observed when compared to the control (lane 2 vs lane 4). In these experiments, expression of fasyn genes in the complementation strain was confirmed by the successful detection of a His x6 -tagged 45 kDa protein indicative of Z4866 (lanes 3 and 4).
Secretion levels of Tir, EspB and EspA were also impaired when fasyn was deleted, and this could be observed in the samples prepared accordingly from the bacterial supernatants (compare lanes 5 and 6). When Dfasyn was transformed with pQE80-fasyn, the levels of representative LEE proteins were increased in the supernatant (lane 6 vs lane 8) although not to the levels as high as that seen with the parental strain receiving the control plasmid (compare lanes 5 and 8). However, it is interesting to find that there was no gene dosage effect of expressing faysn in M9 cultivation, an observation as revealed by the LEE proteins detected in both bacterial lysates (lane 1 vs lane 3) and the supernatants (lane 5 vs lane 7). Our results suggested that the deletion of fasyn cluster reduced the production and secretion of T3S proteins.
Variation in T3S protein expressions most significant at 3-4 h post M9 activation
To compare the possible variations in individual protein expression during LEE activation, we harvested both the parental and the mutant strains at different time points after switching from LB to M9. Bacterial cells were harvested every hour after M9 cultivation. The same amount of the fractions was analysed with SDS-PAGE followed by Western blotting. Results are shown in Fig. 2b , in which the outer membrane OmpC was detected as the loading control. After 6 h cultivation in M9, expression of Tir from the WT strain increased significantly, reaching the highest level by 3-4 h and then decreased gradually thereafter. Tir from Dfasyn, however, increased only slightly and reached its peak after 3 h cultivation. Tir within samples of these two series differed most after 4 h activation. These experiments in quintuplicate were quantified and shown in Fig. 2c . Similar observations were seen with EspB and EspA. These results indicated that the deletion of fasyn did affect the levels of T3S proteins during the course of induction.
Decrease of T3S proteins caused by the reduction of the corresponding mRNAs
To examine whether a lack of fasyn in our EHEC chromosome could readily dampen T3S protein expression, we compared the levels of T3S proteins between Dfasyn and the parental strain when expressed exogenously. To do so, we tagged plasmid-encoded Tir, EspB and EspA, individually, with His x6 while transcriptions were driven by the T5 promoter. By doing a side-by-side comparison, the results would provide clue(s) if protein per se is an issue affected in a post-translational manner. Fig. 3a shows that these His x6 -tagged proteins were expressed equally well in the case of Tir or slightly better in the cases of EspB and EspA, when I.
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Dfasyn was used as the host as compared to the parental strain. These results suggest that the defects in T3S protein expression in Dfasyn are unlikely to be due to a lack of fasyn affecting the stability of these proteins. Hence, a decrease in the levels of the corresponding mRNA in Dfasyn could be the cause.
To compare the relative amount of the T3S-specfic mRNAs between Dfasyn and the parental strain, we harvested total RNAs from 4 h M9-cultivated bacteria, and qRT-PCR was then performed with specific primer pairs. Fig. 3(b-d) shows the comparison results, in which all bacteria were derived from the same parental strain. Two activator mutants, Dler or DgrlA, and one repressor mutant DgrlR were incorporated in this study and served as control. The mRNA level for tir was observed to have decreased by about 60 % in Dfasyn when compared to the parental strain and was similar to that observed in Dler or DgrlA (Fig. 3b) . In contrast, the tir mRNA was detected at a high level in the repressor mutant DgrlR. Similar patterns were observed when measuring the mRNA levels of espA (Fig. 3c) and espB (Fig. 3d) . Therefore, the mRNA transcripts for these T3S proteins were down-regulated in Dfasyn.
Reduction of mRNAs specific to genes from lee1 to lee4
Since tir is mapped to lee5 and espB and espA are located on lee4, we wondered whether mRNAs other than those from these two operons are affected in Dfasyn. To address this question, we examined mRNAs transcribed from lee1 to lee3 and additional transcripts from lee4. These transcripts included those for ler, l0053 and escU from lee1; l0038 and escC from lee2; escV and sepQ from lee3; and sepL and espF from lee4. The qRT-PCR results are summarized in Table 4 . In all cases, when the amount of the transcript measured from the parental strain was compared, the relative changes (in fold) for individual transcripts from Dfasyn were below 0.2 (Table 4) . These results suggest that the transcriptions of the LEE decrease across the island if fasyn is deleted from the EHEC chromosome, an observation similarly seen with a lack of ler (Deng et al., 2004) or grlA (Islam et al., 2011) . These results suggested that fasyn genes affected the expression of LEE genes in RNA level.
Restoring T3S activity in Dfasyn by providing Ler or GrlA
To test whether supplementing Ler (or GrlA) to Dfasyn could restore the levels of Tir, EspB and EspA detected in both the bacterial lysate and the culture media, we transformed Dfasyn with the protein-expressing plasmids accordingly. Fig. 4a shows the results of supplementing Ler from pQE60L-Ler to the bacteria. Successful expression of Ler, which was engineered with a His X6 tag when expressed from the plasmid, was confirmed by bands detected by antiHis X6 in the bacterial lysates obtained from the transformants (lanes 3 and 4), but not from those transformed with the control plasmid (lanes 1 and 2) . Moreover, the bands detected for Tir, EspB and EspA in lane 4 were more prominent than those of their counterparts in lane 2. These results indicated that supplementing Ler to Dfasyn enhanced the expression of these T3S proteins when compared to the same bacteria having the control plasmid. Furthermore, consistent results could be seen from the examined culture supernatants (lanes 5-8), in which all undetected T3S protein bands in Dfasyn (lane 6) were unambiguously detected when the bacteria were supplemented with plasmid-borne Ler (lane 8).
To test whether GrlA expression could restore T3S activity in Dfasyn, we carried out experiments similar to that performed above (Fig. 4b) . In this experiment, DgrlA was also included for comparison. As shown in the left panel of Fig. 4b , deleting fasyn had a negative effect on the levels of Tir, EspB and EspA in the bacterial lysate, a result similar to that observed in DgrlA (compare lanes 1-3). Successful supplementation of GrlA into Dfasyn, as revealed by the antiHis x6 -detected bands (lane 4-6), not only fully recovered but also augmented the expression levels of tested T3S proteins (compare lanes 1, 2 and 5). Similar observation was seen when DgrlA was complemented with GrlA (compare lanes 1, 3 and 6). In the culture supernatants, the same conclusion could be drawn by that the decreased T3S proteins in Dfasyn could be reverted by supplementing with plasmid-expressed GrlA (comparing lanes 8 and 11). It is worth noting that providing extra Ler (or GrlA) to the parental strain seemed to increase the levels of the T3S proteins in both bacterial lysates (Fig. 4a , lane 1 vs lane 3) and culture supernatants (Fig. 4a , lane 5 vs lane 7), a phenomenon that was not seen when expressing additional fasyn (Fig. 2a, and additional quadruplicates. Quantitation was performed by using ImageJ (Schneider et al., 2012) and expression in percentage was calculated against the total amount of the specific protein detected, an amount that is relative to the total signals summed-up from both strains at all time points.
DISCUSSION
In this study, we have identified new genes that are unique in the EHEC O157 : H7 strains but not in the K-12 strains, and this fasyn cluster is required when LEE is activated to express effectively and execute T3S. Our results demonstrated that the deletion of fasyn decreased the level of T3S proteins found in both the bacterial lysate and spent media. Complementation with plasmid-driven fasyn could restore these impaired phenotypes, albeit incompletely.
How these genes and gene products are involved in the mechanistic control of the LEE remains unknown. However, we do know that deletion of fasyn from our bacteria has no effect on the protein levels of the representative T3S proteins if the expression is driven from a plasmid. This result excludes the possibility that the products of fasyn affect the translation or the stability of these proteins. On the other hand, the fact that deleting fasyn suppressed the levels of mRNAs transcribed from lee1 through lee5 (Fig. 3b-d and Table 4 ), which are not limited to those for T3S proteins, suggests that a form of transcriptional repression is involved. Consistent with this notion is that a low level of ler mRNA (Table 4 and Fig. 3b-d) was seen in Dfasyn when the bacteria were signalled for activation by changing media from LB to M9. As expression level of ler decreases, not only genes in the LEE island are attenuated but also mRNA of non-LEE-encoded effector, nleA, which had been reported to be dependent on T3S and regulated by Ler, would also be affected (García-Angulo et al., 2012) . Furthermore, supplementing Dfasyn with plasmid-expressed Ler or a second activator GrlA could not only compensate the effect of fasyn deletion (Fig. 4) but also augment the expression of T3S proteins, a result indicating that ler and grlA stand downstream of the fasyn-dependent regulatory pathway during LEE activation.
So far, no outright clues about the real function of these fasyn genes in our EHEC strain are available. These genes are not critical for the bacteria to grow in either LB or M9 since no differences were found in the growth kinetics between Dfasyn and the parental strain (Fig. S2 ). Our preliminary results also indicated that single-gene deletion Comparison of the T3S proteins expressed from plasmids that were hosted by the parental and Dfasyn strains, respectively. All bacterial lysates were analysed similar to that in Fig. 2 except that anti-His x6 was used to detect the plasmid-encoded proteins, which were His x6 tagged at the C-terminus. Note: arrowhead labels the expected target protein whereas band(s) below presumably originated from the degraded product(s). (b) Quantitative comparison of the tir mRNA transcripts, which were determined by qRT-PCR, among various bacterial strains that are all derived from the same parental strain (WT). (c) Quantitative comparison for espA mRNA. (d) Quantitative comparison for espB mRNA. Regulatory genes encoded in LEE: ler and grlA, activators; grlR, repressor. All measurements were in triplicate. Student's t-test was applied to the significance analysis of the paired data (***P<0.001). All comparisons were referenced to the respective measurements in WT.
mutants of fasyn gave no adverse effect on T3S (Fig. S3) , a result suggesting that these genes may work through a collective way to indirectly affect LEE activation. Besides, it has also been observed that Dfasyn decreased the haemolytic activity towards red blood cells of our bacteria and reduced adherence towards epithelial cells (Fig. S4) . The explanation for these phenotype changes could be simply linked to a defect in the T3S system of Dfasyn (Alsharif et al., 2015; Warawa et al., 1999) .
In conclusion, we have ascertained genes clustering on the chromosome of our EHEC strain that, as a whole, affect the LEE activation. Many of these genes have been seen with low degrees of homology with enzymes involved in lipid biosynthesis or metabolism. Added to the considerations such as *Gene-specific RNA transcripts were measured by qRT-PCR and compared pairwise between the parental strain and the deletion mutant; calculation was made against the measurement from the parental strain. that short-chain fatty acids (Tobe et al., 2011) have been attributed to be one of the factors involved in the regulation of the LEE, a metabolite signal from acetyl-CoA affects the expression and assembly of the T3S system (Rietsch & Mekalanos, 2006) and that AdhE suppresses the expression of T3S (Beckham et al., 2014) , it is worth testing whether the fasyn genes are involved in the biosynthesis of lipid derivatives, if not directly involved in the synthesis of the welldefined lipids.
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